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Abstract 
Background: Parent ratings on questionnaires may provide valid and cost-effective tools for 
screening cognitive development of children at risk of developmental delay.  
Aims:In this study we examined the validity of combining parent-based reports of non-verbal 
cognitive abilities (PARCA3) and verbal abilities (CDI-III) in relation to the Bayley-III 
cognitive scale in 3 -year-olds born late pre-term.  
Methods: Mothers of 203 late-preterm children were asked to complete the PARCA3 and the 
CDI-III when children were aged three; children were then assessed using the Bayley-III 
close to their third birthday. 
Results: The two parent questionnaires were significantly and moderately correlated with the 
Bayley-III cognitive scores. Together the parent ratings accounted for 14% of the variance in 
Bayley-III cognitive scores, after controlling for other covariates in regression analysis. In 
particular, the PARCA3 contributed significantly to explain variance in the Bayley-III 
cognitive scores when controlling for  the CDI-III. However, the CDI-III  was also 
independently associated with  the Bayley-III cognitive scores .  
Conclusions: Parent ratings of child cognition and language together may provide cost-
effective screening of development in “at risk” pre-schoolers.  
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Introduction 
Children born preterm are often monitored during the preschool years due to their 
increased risk of neurodevelopmental delay. However, individual assessment by trained 
testers is expensive and represents a significant strain on limited resources. Furthermore, such 
assessment may not provide an entirely reliable or valid sample of a child’s typical behaviour 
and skills, since  interacting with a stranger as well as shyness and temperamental difficulties 
can affect children’s performance in a testing session in an unfamiliar setting (1). 
Questionnaires completed by parents or guardians who are familiar with the child are widely 
used for the assessment of temperament(2), problem behaviours(3), and language 
development(4) .  However, few parent-based instruments have been developed to assess 
cognitive development in children, therefore children’s assessment in populations at risk of 
cognitive delay still relies on expensive assessor-based tools such as the Bayley Scales of 
Infant and Toddler Development-III (Bayley-III(5) ).   
The Parent Report of Children’s Abilities-Revised (PARCA-R(6,7)) is a parent-based 
questionnaire for assessment of children’s cognitive development. It was developed to 
provide an assessment of non-verbal cognitive abilities by enquiring about children’s abilities 
to solve problems and perform tasks (e.g. building block towers) at age 2 years. A version for 
3-year-olds was subsequently developed, the PARCA3(7). Both the PARCA-R and the 
PARCA3 comprise a parent questionnaire and parent-administered tasks. The PARCA-R 
displayed significant relationships with the Bayley Scales of Infant Development-II Mental 
Development Index(6) , and the Bayley-III Cognitive and Language composite at age two 
years(8) in children born full term. Further research suggests this instrument may act as a 
useful screening tool for at-risk populations such as children born pre-term. Current 
Parent ratings of child cognition  
5 
 
definitions from the World Health Organization differentiate extremely preterm (born ≤27 
weeks gestation) from very preterm (born 28 to 31 weeks gestation(9)). Other preterm infants 
can be categorised in moderate (born 32 to 33 weeks gestation(10,11)), and late-preterm or 
mild-preterm (born at 34 to 36 weeks gestation(10,11)). Modified versions of the PARCA-R 
displayed concurrent validity with the Bayley Scales of Infant Development-II Mental 
Development Index in very preterm(12), moderate preterm(13) , as well as late and moderately 
preterm toddlers(14) at age two years. Finally, the PARCA3 has been reported to correlate 
with the McCarthy Perceptual, Performance and Quantitative scales assessed concurrently at 
age 3 years(7). These studies together provide evidence that the PARCA is a useful instrument 
to assess cognitive development in typically developing and at-risk children. However, 
despite mounting evidence of the utility of this parental report, the relationship of the 
PARCA3 with the Bayley-III, currently the most widely used individual measure of 
development in pre-schoolers, has not been evaluated. The PARCA3 assesses children’s 
cognitive development at three years, when more sophisticated abilities emerge. It is 
therefore important to investigate if, similarly to the PARCA-R for younger children, this 
instrument can provide a reliable picture of the general abilities of children that may be at 
mild to severe risk for developmental delay.  
The aim of the present study was to test the convergent validity of the parent 
questionnaire included in the Parent Report of Children’s Abilities version for 3-year-olds 
(PARCA3) to assess development of 3-year-old late-preterm children (born 34-36 weeks 
gestational age). Although late-preterm births account for about two-thirds of all pre-term 
births(10), less is known about the longer-term outcomes of this group in comparison to other 
preterm groups. The relative dearth of studies that investigated developmental outcomes in 
late preterm infants may be the consequence of the fact that this group of infants are not 
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routinely followed-up after neonatal intensive care(15). For this reason, it is important to 
investigate if less costly parental instruments can be used to monitor cognitive developmental 
outcomes in this group. The present study is part of a research project that investigated 
developmental outcomes of late pre-term infants.  
We chose to focus on the parent questionnaire of the PARCA3 and exclude the 
parent-administered tasks in order to minimise the burden for parents.  The PARCA3 has 
been designed to assess toddlers’ non-verbal cognitive skills. However, because verbal 
abilities are a crucial component of cognitive abilities and intelligence(16), parents were asked 
to complete an assessment of children’s verbal and communicative skills in addition to the 
PARCA3. The verbal abilities assessment tool was the shortened British version of the 
MacArthur Communicative Development Inventory-III (CDI-III(17)) .  
Our main goal was to compare the PARCA3 associations with the cognitive scale of 
the Bayley Scales of Infant and Toddler Development-III, which has become the preferred 
choice in assessment of developmentally at-risk children(13) .  In order to investigate these 
associations, we report correlations between the measures and conducted regression analyses 
controlling for other maternal and child characteristics that could influence both types of 
measure. By including maternal assessment of children’s verbal and communicative skills 
(CDI-III), we were also able to assess whether the PARCA3 provided a unique contribution 
to predicting variation in the tester-based cognitive assessment. For this reason, we measured 
the association between PARCA3 and Bayley-III Cognitive scores while controlling for the 
association between child’s verbal skills (as reported by mothers) and the tester-assessed 
cognitive skills.  
Patients and Methods 
Participants 
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Participants in this study had been recruited for a research project on outcomes of 
infants born late preterm admitted to neonatal intensive care or high-dependency care(15) . 
Eligibility criteria for the study were: birth at 34 weeks + 0 days to 36 weeks + 6 days 
gestational age, birth between January and December 2006 in Northern Ireland (NI), absence 
of a recognised congenital syndrome, absence of an ante- and post-natal confirmed infection. 
Gestational age was determined by foetal ultrasound (usually at 20 weeks). Of all eligible 
children invited to take part in the study (N=494), 240 (48.6%) were recruited and 225 of 
them (94%) were assessed when aged approximately 3 years (mean age in months at time of 
assessment 38.98 [SD=0.85] range 35.7 - 41.9). Complete data on the three developmental 
measures in this study (PARCA3, CDI-III and Bayley-III cognitive scores), as well as other 
child and family measures considered as covariates, were available for N=203 (90%).  
Overall, 18 pairs of twins were included in the N=203 sample. Because twin pregnancies 
have different characteristics, to avoid giving twins disproportionate leverage over the results, 
we excluded from the final sample a randomly-selected twin from each of the pairs.  
Exclusion of 18 twins from each pair resulted in a final sample with N= 185.  Characteristics 
of these 185 children and their mothers are provided in Table 1. 
 
 
************** 
Insert Table 1  
************** 
 
Procedure 
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Ethical approval was granted from the Office for Research Ethics Committees 
Northern Ireland. The Health and Social Care Business Services Organisation conducted a 
trace of eligible children to ensure that parents/guardians with a child who died in infancy 
were not contacted. All the parents or guardians of eligible children were sent an invitation 
letter and two reminder letters from the neonatal consultant at their hospital of birth. Parents 
that provided written consent to take part in the study were contacted to arrange an 
appointment for an assessment of children as close as possible to the child’s third birthday. 
Two weeks before the appointment parents were sent questionnaires to complete. A trained 
tester carried out the Bayley-III assessment in the child’s home. Participating families 
received a shopping gift voucher to thank them.  
Measures 
Participant Characteristics  
Perinatal information was collected from maternal medical records and from the 
Neonatal Intensive Care Outcomes Research and Evaluation database which contains data on 
infants admitted to all 7 Neonatal Intensive Care Units (NICU) across Northern Ireland. 
Additional descriptive socio-demographic information was collected using a parent report 
questionnaire designed specifically for the study. In order to assess socio-demographic status 
of children, deprivation quintiles were calculated using the Northern Ireland Multiple 
Deprivation Measure(18) . A summary social risk index was calculated for each family to 
represent children’s exposure to a number of socio-demographic risk factors, including: 
teenage mother at time of delivery; mother living alone; mother single, divorced or separated; 
mother who did not complete high-school equivalent; living in more deprived area (lowest 
quintile in the Multiple Deprivation Measure); living in rented accommodation. The social 
risk index calculated displayed sufficient reliability (Cronbach’s alpha(19) = .68).  
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Child Neurodevelopment.  
The Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III) 
was administered by trained testers. The Bayley III comprises a series of age-appropriate 
tester-administered tasks that measure cognition, language (expressive and receptive), and 
motor (fine and gross) abilities.  The Bayley-III provides raw scores in each of these scales, 
which are used to derive normative composite scores by age, and three composite scores for 
cognition, language and motor performance. In the present study we used the raw scores of 
the Bayley-III cognitive scale to provide greater inter-individual variation in the range of 
scores, due to the recognized problems with the standardized Bayley-III scores(20,21). Use of 
raw scores was acceptable due to the narrow age range of children tested in the present study; 
nonetheless, in statistical analyses we controlled for child age.   
Parent Report of Children’s Abilities for Three Year Olds (PARCA3 ).  
The PARCA3 is a parent assessment of three-year old children’s non-verbal abilities. 
The full PARCA3 comprises a parent report and parent-administered tasks with the child. 
However, to minimise burden to parents, in the present study we used only the parent report 
form(7). The parent-report component comprises 24 items that assess aspects of cognitive 
development such as spatial ability, planning and organising, reasoning, memory, quantitative 
skills and pretend play. For each item mothers were asked to report whether or not they had 
seen their child perform an activity, with a response of ‘Yes’ (scored as 1) and ‘No’ or ‘Don’t 
Know’ (scored as 0). An example includes: “Does your child draw simple pictures that other 
people can recognise, such as a person, house or car?” The mother of each child in the study 
completed the questionnaires. Scores to individual items were summed to obtain a total 
PARCA3 score. The PARCA3 maternal report displayed good reliability (Cronbach’s alpha 
= 0.70).  
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Communicative Development Inventories (CDI – III).  
We used the UK short form of the MacArthur Communicative Development 
Inventories: Words and Sentences (MCDI:UKSF) version for age 3 years. Mothers completed 
a 100-item vocabulary checklist, a 12-item sentence complexity scale that enquired whether 
the child used more complex alternatives of similar sentences (e.g. “That coffee hot” vs. 
“Coffee hot”),  and a 12-item sub-scale that investigated the child’s semantics, pragmatics 
and  language comprehension (e.g. child uses  words that end in –est, like biggest). The 
reliability of the latter two scales was optimal (Cronbach’s alpha = .90). We calculated a 
total CDI score by summing the vocabulary check-list, sentence complexity and language 
comprehension scales included in this instrument.  
Analytic Strategy 
 Partial correlations were used to examine associations between the PARCA3, CDI-
III, and the Bayley-III while controlling for age. Successively we conducted a series of 
regression analyses to investigate relationships between the Bayley-III and the two parent-
based measures while controlling for covariates. Children’s individual covariates were: sex, 
low birth weight, gestational age (three categories: 34, 35 and 36 weeks), NICU admission 
(yes/no), age at testing (in months). Maternal covariates were parity and the social risk index. 
Nested models were tested. The first model included child and socio-demographic 
characteristics. The CDI-III total score and PARCA3 were entered in a successive block.  
Analyses were conducted using Stata 13(22). 
Results 
Descriptive analyses 
The PARCA3 scores (mean 15.42 [SD = 3.45] range 7-23) , the CDI-III scores (mean 
88.59 [SD=25.42] range 4-124)   and the  Bayley-III cognitive scale raw scores (mean 77.82 
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[SD=3.71], range 64-85), all displayed  negatively skewed distributions. The mean Bayley 
composite cognitive score was 103.13  (SD=9.70), range 80-135.  
Correlation Analyses 
Partial correlations between the PARCA3, CDI-III vocabulary score and the Bayley-
III raw scores while controlling for age are reported in Table 2. There was a significant 
positive correlation between PARCA total and CDI-III, partial r = 0.37, p < .001.  The 
PARCA was more highly correlated with the Bayley-III Cognition (partial r = .41) than 
Receptive and Expressive communication (partial r= .28 for both). The correlation between 
the PARCA and the Fine Motor skills sub-scale was higher than that with the Gross Motor 
skills. The CDI-III  displayed a higher partial correlation with the Bayley-III Expressive 
Communication scale (partial r= .43) than with the Cognitive and Receptive Communication 
scales (partial r = .35 and partial r = .32 respectively). The CDI-III displayed lower 
correlations with the motor scales.  
************** 
Insert Table 2  
************** 
 
Regression analyses 
Preliminary checks of assumptions (influential outliers, normality of residuals, 
homoscedasticity, absence of multicollinearity and linearity) were satisfied once the Bayley-
III Cognitive raw scores and the CDI total scores were transformed to allow for asymmetric 
and negatively skewed distributions. For both, we conducted a square root transformation. 
For ease of interpretation, the transformed Bayley-Cognitive scores were centred so that the 
sample mean was 0 and the sample standard deviation was 1. PARCA3 raw scores and 
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transformed CDI-III scores were also centred so that the sample mean in each of the two 
scales was equal to 0 and the standard deviation was equal to 1:  this allowed scores in the 
PARCA3 and CDI-III  (as well as Bayley-III scores)  to be expressed in the same scale, thus 
facilitating direct comparisons. Results of the nested regressions on the transformed   Bayley-
III Cognitive raw scores are reported in Table 3. The analysis of associations between child 
and maternal characteristics indicated a positive relationship between age and cognitive 
scores. Furthermore, results indicated a significant association with sex, whereby males 
displayed lower scores compared to females, and a positive association between cognitive 
scores and parity, whereby having another sibling was associated with higher cognitive 
scores compared to not having siblings. Finally, higher scores on the Social Risk Index were 
associated with lower Cognitive scores. These covariates explained approximately 18% of 
variance in the Bayley-III cognitive scores. The transformed CDI-III scores and the 
PARCA3, entered together in the second block, explained a further 15% of variation in the 
Bayley-III cognitive scores when controlling for other child and maternal characteristics. 
Results indicated that the CDI-III and the PARCA3 provided a significant contribution to 
prediction of the Bayley-III scores, F(2, 173)=20.0 , p< .0001.  
The association of the PARCA3 with the Bayley-III Cognitive scale was slightly 
stronger (β = 0.27 ) compared to the CDI-III ( β = 0.22 ), but this difference was not 
significant, Wald χ2 (1, 173) = 0.32, p = .57.  Figure 1 displays  predicted margins plots of the 
transformed PARCA3 scores and  transformed CDI-III scores in relation to the  centred 
Bayley-III Cognitive raw scores;  the shaded area represents 95% Confidence Intervals (CI) 
of predicted scores. The darker markers in the figure represent the scatter of transformed 
cognitive Bayley-III scores with PARCA3 and transformed CDI-III scores respectively. The 
PARCA3 scores displayed a slightly stronger linear association with Bayley-III cognitive 
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scores compared to the CDI-III (as indicated by inclination of the lines). The confidence of 
PARCA-3 prediction of Bayley-III scores was greater in the middle and high range of the 
PARCA3 scores (as indicated by the thinner shaded area) compared to the lower range of 
scores.  
 
**************** 
Insert Table 3 and Figure 1 
**************** 
 
Discussion 
Our findings suggest that the combination of maternal reports of child non-verbal 
cognitive abilities (PARCA3) together with a maternal questionnaire of child language and 
communication development (CDI-III) is significantly associated with the tester-based 
Bayley-III Cognitive scale, above and beyond child sex and socio-demographic risk factors.  
Since social risk factors are known to affect developmental outcomes(23), it appears important 
to take the latter factors into consideration. Notably the PARCA3, a non-verbal cognitive 
scale, was related to Bayley-III Cognitive scores even when controlling for maternal reports 
of the child’s language and other covariates such as sex and Socio-Economic Status (SES). 
These results, collected on a sample of toddlers born late pre-term, concur with other reports 
in indicating the viability of the PARCA in screening cognitive development in children at 
risk for developmental delay.  
The Bayley scales have long been the primary choice for individualized normative 
assessment of children at risk for developmental delay, such as those born preterm(13). 
However, concerns have been raised that the most recent version, the Bayley-III, provides 
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scores that are not well calibrated with previous editions of the test(21) . Therefore it is 
challenging to find a “gold standard” for comparison when evaluating convergent validity of 
the parent report scales as indices of cognition. Moreover, predictive validity of the Bayley-
III is yet unclear. In a similar manner to other tester-based assessment, the Bayley-III may 
also not be ideal in providing an accurate sample of a child’s range of skills and behaviours: 
testing takes place with a stranger in an unfamiliar setting, often after disruption to the child’s 
typical routine to attend a clinic appointment. In contrast, it has been proposed that parents 
and guardians who are familiar with the child and have observed the child across different 
situations may be able to provide reliable information as to the range and scope of abilities(1). 
Furthermore, individualized assessments such as the Bayley-III are an expensive method to 
evaluate development in large populations, as it requires trained testers in a one-to-one testing 
session with the child.  
Our findings are consistent with other studies of the PARCA-R at age two years(6,8,14) 
and the PARCA3 at three years(7) . Of particular importance is that a number of studies, 
which have been conducted on different populations and using different individually-
administered tests, provide evidence of the convergent validity of using the PARCA together 
with a vocabulary questionnaire to assess cognitive development of preschool-aged children. 
Our results are very similar in magnitude to the correlations reported previously at age 3 
years between the PARCA3, CDI-III and the McCarthy scales(7). Thus the PARCA3 in 
combination with the CDI-III appear to be reasonably valid and useful instruments to screen 
cognition in children aged three. The results also suggest that the PARCA3 parental report 
may be used to assess the cognitive development of children born pre-term when aged 3 
years. Other studies have provided evidence of the PARCA-R validity in assessing cognitive 
development of pre-term children at 2 years of age(12-14). Overall, results from our study and 
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these other studies suggest that parental assessments may be meaningfully used to monitor 
trajectories of cognitive development of  pre-term children across early childhood. 
Some caution is due as the correlations between the PARCA3 and the Bayley-III 
scores were moderate. Furthermore, the confidence intervals of Bayley-III cognitive scores 
predicted by PARCA3 and CDI-III were larger at the lower end of the scores. However, the 
limitations of the Bayley-III(20)  and the absence of a gold standard warrant further 
investigation of the clinical utility of the parent assessment. Indeed, an important limitation of 
our study lies in the fact that we did not test the discriminative power of the PARCA3 in 
relation to a robust criterion.  
 The results of the present study also suggest the importance of considering sex and 
socio-demographic risk factors when assessing cognitive levels of children born preterm. 
Similar to other studies of preterm children across a wide spectrum of gestational age(24,25), 
we identified that boys display poorer cognitive development in our sample of late pre-term 
infants. Exposure to socio-demographic risk factors showed a particularly strong association 
with Bayley-III cognitive scores. Contextual factors such as access to social or economic 
resources (e.g. social support) play an important role in influencing cognitive development in 
typically-developing children(23)  and these can also play a key role in amplifying or 
conversely buffering against the detrimental effects on cognitive development of factors 
associated with preterm birth(26,27) . 
Conclusions 
This study provides evidence of the validity of the combination of two parental 
questionnaires in assessing cognitive level in 3-year-olds, against a criterion provided by the 
Bayley-III. These parent-based questionnaires appear to provide cost-effective and useful 
measures for general screening of pre-schoolers and can be opportunely used in screening 
cognitive development of children born pre-term during their first years of life.  
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Table 1. Infant and maternal characteristics (N = 185) 
Infants Characteristics 
 
  
 
n 
 
 
(%) 
    
NICU admission No 98 (53.0)    
 Yes 87 (47.0)     
Sex Female 89 (48.1)    
 Male 96 (51.9)    
 34 weeks 48 (26.0)   
Gestational age 35 weeks 82 (44.3)   
 36 weeks 55 (29.7)     
Birth weight <2500g 82 (44.3)  
 ≥2500g 103 (55.7)  
Multiple births Singleton 162 (87.6)     
 Twins 23 (12.4)     
        
Maternal Characteristics    
  n (%) 
Mother in her teens at time of child's birth  4 (2.2) 
Mother did not attain basic level of educational qualifications   6 (3.2) 
Mother living alone 
 
 23 (12.4) 
Mother single, separated or divorced  34 (18.4) 
Living in deprived areas (most deprived quintile)  24 (13.0) 
Living in rented accommodation  31 (16.8) 
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Table 2. Partial correlations between PARCA3, CDI-III  and Bayley-III raw scores controlling for 
differences in age. 
 
** p < .01  *** p < .001 
 PARCA3 
Non-Verbal 
CDI-III  
   
CDI-III 0.37***  
   
   
Bayley-III   
Cognitive 0.41*** 0.35*** 
   
   
Receptive  0.28*** 0.32*** 
Language   
   
Expressive  0.28*** 0.43*** 
Language   
   
Fine Motor 0.39*** 0.19* 
   
   
Gross Motor 0.20** 0.20** 
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Table 3: Results of nested regressions on Bayley-III Cognitive Raw scores (square root transformed 
and centred). Standardized coefficients are reported first, with non-standardized coefficients and their 
standard error (SE) reported next.  F tests, R2 and change in R2 are reported for each block of variables 
in the nested regression. Parca3 and CDI-III transformed scores were centred at mean=0 and SD=1.  
   
  β1 Coef.1 SE1 F(df) R2 ΔR2 
        
NICU  No  Ref Ref Ref    
admission Yes  0.01 0.02 0.13    
Child  Female Ref Ref Ref    
Sex Male -0.21** -0.41 0.13    
Age (in months)  0.18** 0.22 0.08    
Low Birth  No Ref Ref Ref    
Weight Yes  0.02 0.04 0.14    
Child 34 weeks Ref Ref Ref    
Gestational 35 weeks  0.03 0.06 0.16    
Age 36 weeks  0.02 0.04 0.18    
 1 child Ref Ref Ref    
Parity 2 children  0.19* 0.38 0.18    
 3 children or more -0.03 -0.06 0.18    
Social Risk Index  (Total scores) -0.18** -0.16 0.06    
BLOCK 1     4.3***       
(9, 175) 
0.18 --- 
  CDI-III (Sqrt transformed) 0.22** 0.22 0.07    
  PARCA3  (Total scores)  0.27*** 0.29 0.08    
BLOCK 2     20.0***      
(2, 173) 
0.33 0.15 
Constant   -0.53 0.36    
* p < .05   ** p < .01 *** p < .001 
1Parameters reported here are those obtained in the second block whereby all the variables of interest 
had been included in the regression.  
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